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Background and objective: Phytate is an anti-nutritional agent in cereal foods, making 
nutritional and health problems in human. The gene responsible for the degradation of phytate 
has been identified in many bacterial species but not in lactic acid bacteria. The objective of this 
study was to isolate and characterize phy gene in lactic acid bacteria isolated from Ogi and 
Kunun-zaki. 
Materials and methods: Lactic acid bacteria from Ogi and Kunun-zaki were phenotypically 
screened for phytase production. The phytate-degrading lactic acid bacteria isolates were 
identified using 16S rRNA gene sequencing. Amplification of phytase (phy) gene was carried 
out using polymerase chain reaction. Furthermore, phylogenetic analyses were carried out. 
Soluble proteins of three selected isolates were extracted and analyzed using sodium dodecyl 
sulphate polyacrylamide agarose gel electrophoresis. 
Results and conclusion: Totally, 16 isolates of phytate-degrading lactic acid bacteria were 
identified as Lactobacillus brevis, Lactobacillus plantarum subsp. plantarum, Lactobacillus 
plantarum, Lactobacillus pentosus and Lactobacillus paraplantarum. The phy gene with an 
amplicon size of 2.0 kb was amplified and sequenced. Sequence similarities between the phy 
genes of lactic acid bacteria and that of Bacillus in GenBank included 97-99% with a 
phylogenetic relationship of less than 40%. The SDS-PAGE electrophoresis analysis revealed 
a 50-kDa molecular weight of the phytase in the three isolates. This study has shown that phy 
gene of the lactic acid bacteria presents in fermented foods, suggesting its potential product use 
as starter to produce fermented foods with improved nutritional qualities. 






Received 11 June 2019 
Revised 3 Nov 2019 
Accepted 30 Nov 2019 
 
Keywords: 
▪ Cereal foods 
▪ Fermented foods 
▪ phy gene 
▪ Phylogenetic relationship 
▪ Phytate-degrading lactic 
acid bacteria 
 
*Corresponding author:  
Olubukola Babalola,  
Food Security and Safety 
Niche Area, Faculty of 
Natural and Agricultural 
Sciences, North-West 
University, Mafikeng 
Campus, South Africa. 
 




How to cite this article 
Onipede G, Aremu B, Sanni A , Babalola Molecular Study of the Phytase Gene in Lactic Acid Bacteria Isolated from Ogi and Kunun-Zaki, African Fermented 
Cereal Gruel and Beverage. Appl Food Biotechnol 2019; 7(1): 49-60. http://dx.doi.org/10.22037/afb.v7i1.25909   
 
1. Introduction 
Anti-nutritional factors are substances produced in 
natural foods through various metabolic processes of a 
species such as nutrient inactivation, curtailment of the 
digestive process and metabolic use of feed [1]. Of the anti-
nutritional factors, phytic acid (phytate) causes major 
concerns in human nutrition and health management [2]. 
The enzyme is a major part of the seeds of grains, pulses and 
oleaginous products, including 60-90% of the phosphorus in 
dormant seeds [3]. Phytic acid includes a unique structure 
with the ability to strongly chelate monovalent and divalent 
cations such as K+, Ca2+, Mg2+, Zn2+ and Fe2+ to form 
insoluble salts [2]. Formation of these insoluble mineral-
phytate complexes at physiological pH values is the major 
reason for the poor mineral bioavailability, as the complexes 
cannot be absorbed from the human gastrointestinal tract 
(GIT) [2]. 
Ogi is a major staple in West Africa produced 
traditionally from maize, millet and sorghum. Ori is a lactic 
acid fermented cereal gruel [4]. Kunu is the general name 
used to describe varieties of cereal-based beverages, which 
are non-alcoholic with qualifications denoting the base 
cereal [5]. Traditional processing of Kunun-zaki involves 
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steeping of the cereal, wet-milling with spices (e.g. clove, 
black pepper and ginger), sieving and partial gelatinization 
of the slurry. Sugar is then added followed by bottling [6,7]. 
Fermentation is extensively used to improve the nutritional 
and functional qualities of the food products and has been 
reported as one of the best ways of decreasing phytic acid in 
cereals [8]. Studies have shown that lactic acid fermentation 
improves nutritional quality of the foods by increasing food 
protein contents and decreasing sugars, decreasing anti-
nutritional factors such as phytates, tannins and polyphenols 
and enhancing mineral bioavailability [9]. Fermentation is 
known to greatly decrease phytic acids, compared to that 
other anti-nutritional factors do. This could be due to the low 
pH during fermentation, which is reported as the best 
condition for the phytase activity [10]. Degradation of 
phytate in cereals is usually achieved by the action of 
phytases, which are reportedly present in plants, animals 
and microorganisms with various activities [11]. Therefore, 
an appropriate enzyme selection adapted to the processing 
conditions of specific foods is important [12]. Microbial 
phytases are used for the degradation of phytates during 
fermentation [13]. However, safety aspects cannot be 
overemphasized in use of microbial phytase producers as 
starter cultures in food production. Hence, lactic acid 
bacteria (LAB) as (generally regarded as safe) are better 
positioned. 
Ability of LAB to produce phytase has frequently been 
reported [13,14]. However, information on molecular basis 
of the phytate catabolism is scarce for these micro-
organisms. No genetic loci in catabolism of phytate have 
been characterized in members of the Lactobacillus family. 
An incomplete myo-inositol (a byproduct of phytate 
catabolism) catabolic pathway has been identified in 
genome sequence of Lactobacillus (L.) plantarum. 
However, genes linked to myo-inositol catabolism are 
absent in genomes of other lactobacilli, whose genomes 
have partly or completely been sequenced [14-16]. 
Although phytate-degrading activity has been demonst-
rated in LAB with corresponding improvement in 
nutritional quality of the fermented cereal products [17,18], 
recombinant strains have been used to model phytate 
degradation by these microorganisms [19]. A better 
understanding of the molecular basis of phytate degradation 
by LAB is required for starter selection and possible strain 
improvement. Therefore, this study was carried out to assess 
possibility of direct isolation of phy gene in LAB for the 
selection of appropriate starter cultures to produce 
fermented cereal products with enhanced nutritional 
qualities. 
 
2. Materials and methods 
2.1 Isolation of lactic acid bacteria from Ogi and Kunun-
zaki samples 
The LAB were isolated from samples of Ogi prepared 
from white maize, yellow maize and red sorghum and 
samples of Kunun-zaki prepared from millet using de Mann 
Rogosa and Sharpe (MRS) media with a pH adjusted to 5.5. 
Then, 1 ml of each sample was serially diluted ten folds, 
pour plated in MRS agar and incubated at 37oC for 24-48 h. 
After incubation, isolated colonies were randomly selected 
from the mixed cultures on the plates. Successive streaking 
of the isolates on MRS agar was used to achieve pure 
cultures.  
2.2 Selection of the phytate-degrading lactic acid 
bacteria  
Phytate-degrading isolates were selected using phytase 
screening agar and a protocol described previously [13]. 
2.3 Phenotyping of the phytate-degrading lactic acid 
bacteria 
Gram staining and catalase activity assessment were 
carried out on the pure cultures. Gram-positive isolates with 
catalase-negative reactions were used as presumptive LAB 
[20]. Selected phytate-degrading LAB were characterized 
using biochemical tests such as citrate utilization on 
Simmon citrate agar and production of CO2 from glucose 
[21]. Furthermore, sugar fermentation test in MRS broth 
modified with bromocresol purple was used. Sugars used in 
the tests included galactose, D-glucose, D-fructose, 
mannitol, melibiose, sucrose, D-arabinose, D-xylose, D-
mannose, dulcitol, rhamnose, sorbitol, esculin, maltose, 
cellobiose, lactose, raffinose and trehalose [21].  
2.4 Genotyping of the phytate-degrading lactic acid 
bacteria using 16S rRNA gene sequencing 
2.4.1 Extraction of genomic DNA and amplification of 
the 16S rRNA genes using polymerase chain reaction 
(PCR) 
Extraction of the genomic DNA from the phytate-
degrading LAB was carried out using ZR Fungal/Bacterial 
DNA MiniPrep (Zymo Research, USA) according to the 
manufacturer’s instruction. The PCR was carried out using 
C1000 Touch Thermal Cycler (Bio-Rad Laboratories, 
Hercules, CA, USA). Universal Primers of 9F (5’-
GAGTTTGATCCTGGCTCAG-3’) and 1541R (5'-
AGGAGGTGATCCAGCC-3’) described for LAB by Irma 
et al. were used for the amplification of 16S rRNA gene 
[22]. Primers used in this study were provided by Whitehead 
Scientific, Cape Town, South Africa. The PCR reaction 
mixtures of 25 µl included 12.5 µl of OneTaq Quick-load 
2× MasterMix with standard buffer (New England BioLabs 
- NEB, UK), 0.5 µl of forward primer, 0.5 µl of reverse 
primer, 3 µl of the template DNA and 8.5 µl of nuclease-
free water in 0.2-ml PCR tubes. The PCR condition included 
an initial denaturation of 95oC for 5 min, followed by 30 
cycles of denaturation (95oC for 1 min), annealing (50oC for 
1 min) and extension (72oC for 2 min). The final extension 
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was carried out at 72oC for 7 min [16]. The amplicons were 
electrophoresed on ethidium bromide stained 1% agarose 
gels in 1× TAE buffer for 60 min at 80 V and 400 mA and 
then visualized under UV light using ImageLab Software 
v.4.1 and ChemiDoc System (Bio-Rad Laboratories, 
Hercules, CA, USA). 
2.4.2 Nucleotide sequencing and BLAST of the 16S 
rRNA genes  
A partial 16S rRNA Sanger sequencing was carried out 
by Inqaba Biotechnical Industries, Pretoria, South Africa. 
Sequences were imported to Chromas Software v.2.6 and 
base calling was carried out to remove chimeras. Consensus 
sequences were generated from the forward and reverse 
sequences using Bio Edit Sequence Alignment Editor before 
using BLASTn algorithm (BLASTN 2.6.1) to compare the 
current sequences with those from GenBank (NCBI 
Database, USA). 
2.5 Amplification and sequencing of the phy genes in 
phytate-degrading lactic acid bacteria 
The specific primer for phy gene (phyF 5’-
CTGTCTGATCCTTATCATTT-3’ and phyR 5’-
TCCGCTTCTGTCGGTCA-3’) designed by Bawane et al. 
with ‘Gene Tool’ using the published sequence of phy gene 
for Bacillus (f in NCBI GenBank Account AF298179 was 
used for the amplification of phy gene in the isolates’ 
genomic DNAs [23]. The reaction mixture of 25 µl 
consisted of 12.5 µl of OneTaq Quick-load 2× MasterMix 
with standard buffer (New England BioLabs – NEB, UK), 
0.5 µl of forward primer, 0.5 µl of reverse primer, 3 µl of 
the template DNA and 8.5 µl of nuclease-free water in a 0.2 
ml PCR tube. Amplification of the phy gene was carried out 
using the following PCR conditions: initial denaturation of 
95oC for 5 min followed by 35 cycles of denaturation at 
95oC for 1 min, annealing at 52oC for 1 min and extension 
at 72oC for 1 min. The final extension was carried out at 
72oC for 10 min [23]. Agarose gel electrophoresis in 1× 
TAE buffer was run for 60 min at 80 V and 400 mA using 
ethidium bromide stained 1% agarose. The bands obtained 
were visualized by UV light using ImageLab Software v.4.1 
on ChemiDoc MP System (Bio-Rad Laboratories, Hercules, 
CA, USA). 
2.6 Nucleotide sequencing and BLAST of the phy genes 
Sanger sequencing was carried on the PCR products 
obtained from the amplification of the phy gene in the 
isolates as earlier described. The current phy gene sequences 
were compared to those reported in GenBank (NCBI 
database, USA) using BLASTn algorithm (BLASTN 2.6.1). 
2.7 Phylogeny of the phy genes 
The evolutionary history of the phy gene sequences from 
LAB was investigated using neighbor-joining [24] and 
maximum likelihood methods, Hasegawa-Kishino-Yano 
(HKY) model [25] and MEGA Software v.7 [26].  
2.8 Protein extraction and analysis of the phytate-
degrading lactic acid bacteria using SDS-PAGE 
Soluble proteins were extracted from two isolates; in 
which, the phy gene was amplified and another isolate; in 
which, the phy gene was not amplified, using Qproteome 
Bacterial Protein Prep Kit (Qiagen, Germany) according to 
the manufacturer’s instruction. Isolates were cultured in 
phytase screening broth and MRS broth as control. The 
native lysis buffer was supplemented with lysozyme and 
benzonase-nuclease before use. Frozen pellets from 25-ml 
cultures were thawed for 15 min on ice. Then, cells were re-
suspended in 1 ml of supplemented native lysis buffer in 
sterile 15-ml centrifuge tubes. Cell suspensions were 
swirled gently 2-3 times. Lysates were centrifuged at 
21952× g for 30 min at 4oC to pellet the debris. Then, 
supernatants containing soluble fractions of the bacterial 
cell proteins were gently decanted in 1.5-ml microfuge tubes 
and stored at -80oC until use. Quantification of the soluble 
proteins in the extracts was carried out using Bio-Rad 
Protein Assay (Bio-Rad Laboratories, Hercules, CA, USA) 
and Bradford dye-binding method [27]. The SDS-PAGE 
was carried out using Bio-Rad Electrophoretic Tank System 
(Bio-Rad Laboratories, Hercules, CA, USA) according to 
the methods previously described [28].  
3. Results and discussion 
3.1 Selection of the phytate-degrading lactic acid 
bacteria  
Totally, 85 presumptive LAB were isolated from white-
maize Ogi (18), yellow-maize Ogi (20), red-sorghum Ogi 
(25) and Kunun-zaki (22). These isolates were screened for 
extracellular phytase production, showing their ability to 
degrade phytate. A total number of 16 isolates (18.82%) 
were positive for phytase production (Table 1). This has 
indicated that not all the LAB isolates possess the ability to 
degrade phytate. Similarly, Anastasio et al. [18] reported 
that 19% of 150 LAB isolates from sourdough, pizza dough 
and sausage degraded phytate on solid and liquid media. 
Furthermore, Nuobariene et al. reported that 11% of 168 
LAB isolates from wheat and rye sourdoughs included 
phytase activity [29]. However, a higher percentage of 
phytate-degrading LAB isolates were isolated from 
traditional pickles of rural and urban areas of Himachal 
Pradesh in India. Six out of 15 LAB isolates (40%) from 
traditional pickles were positive for phytase production 
using phytase screening agar [30]. 
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Table 1. Screening of the LAB isolates for extracellular phytase production 
Substrate Number of LAB isolates screened Number of positive LAB isolates Percentage of positive LAB isolates 
WMO 18 2 11.11 
YMO 20 3 15.00 
RSO 25 7 28.00 
KNZ 22 4 18.18 
Total 85 16 18.82 
    LAB= lactic acid bacteria 
 
 






























































































































































































WMO08 + R - - + + - - - + + + + - + + + + + - - + + Lactobacillus brevis 
WMO14 + R - - - + - - - + + + + - + + + + + - + - + Lactobacillus plantarum 
YMO08 + R - - - - - - - + + + + + + + + + + + + + + Lactobacillus plantarum 
YMO16 + R - - - - + - + + + + + + + + + + + + + + + Lactobacillus plantarum 
YMO17 + R - - - - - - - + + + + - + + - + + + + + + Lactobacillus plantarum 
RSO02 + R - - - - + - + + + + - + - + + + + + + + + Lactobacillus plantarum 
RSO04 + R - - - + + - + + + - + + + + + + + + + + + Lactobacillus plantarum 
RSO05 + R - - - + + - + + + - + + + + + + + + + + + Lactobacillus plantarum 
RSO07 + R - - - - + - + + + + + + + + + + + + + + + Lactobacillus plantarum 
RSO10 + R - - - - + - + + + - - + + + + + + + + + + Lactobacillus plantarum 
RSO17 + R - - + + - - - + + + + - + + + + - - - + - Lactobacillus brevis 
RSO20 + R - - - - + - + + + + + + + + + + + + + + + Lactobacillus plantarum 
KNZ01 + R - - - - + - + + + + - + - + + + + + + - + Lactobacillus plantarum 
KNZ08 + R - - - + + - + + + + + + + + + + + + + + + Lactobacillus plantarum 
KNZ11 + R - - - + + - + + + + + + + + + - + + + + + Lactobacillus plantarum 
KNZ13 + R - - - - + - + + + + + + + + + - + + + + + Lactobacillus plantarum 
+, positive reaction; -, negative reaction; R, rod; WMO08 and WMO14, isolates from the white maize Ogi; YMO08, YMO16 and YMO17, isolates from the yellow maize Ogi; RSO02, RSO04, RSO05, 

































































































































































































































 zaki-Kununand Ogi Phytase gene of LAB from _______________________________________________________________________________________ 
 
Appl Food Biotechnol, Vol. 7, No. 1 (2020) _______________________________________________________________________________________53  
 
3.2 Phenotyping of the phytate-degrading lactic acid 
bacteria 
Phenotyping of the phytate-degrading LAB isolates using 
Gram staining, morphology and biochemistry (including 
sugar fermentation) are shown in Table 2. All isolates were 
Gram-positive and catalase-negative rods. No isolates 
utilized citrate while two out of 16 showed hetero-
fermentation with CO2 production from glucose.  
Sugar fermentation was used to identify isolates as L. 
brevis (two isolates) and L. plantarum (14 isolates). The 
LAB isolated from traditional fermented foods were 
characterized using conventional phenotyping methods 
such as morphology and biochemistry [31]. Although these 
methods are very useful, they are often difficult and correct 
identification to species level may be complicated by 
indistinct response of the physiological tests [32]. 
Therefore, it is important to use complementary molecular 
tools in identifications of probiotics due to increasing public 
interests in the bacterial properties such as probiotic 
activities [33] and degradation of anti-nutritional factors 
[34]. 
3.3 Genotyping of the phytate-degrading lactic acid 
bacteria using 16S rRNA gene sequencing 
Genotyping of the phytate-degrading LAB isolates, the 
NCBI accession numbers and organisms in GenBank with 
significant similarities with these isolates are listed in Table 
3. The percentage of similarities between the isolates and 
those available in GenBank ranged from 79% for L. 
plantarum UIGOAI34 (accession no. KY817129) to 98% 
for L. brevis UIGOAI05 (accession no. KY649482).  
The 16S rRNA gene sequencing verified identities of six 
LAB isolates, out of 16 isolates. Five LAB isolates 
previously identified as L. plantarum using biochemical 
characteristics (sugar fermentation profile) were re-
identified as L. pentosus, four as L. plantarum subsp. 
plantarum and one as L. paraplantarum, using 16S rRNA 
sequencing results. These differences could be due to high 
phenotypic and genotypic similarities within L. plantarum, 
L. pentosus and L. paraplantarum [32]. 
Nugessie et al. used phenotyping, 16S rRNA sequencing 
and PCR-DGGE analysis to identify LAB isolates from 
naturally fermented buttermilks. They identified a higher 
number of L. plantarum (31 isolates) using 16S rRNA 
sequencing instead of 16 isolates identified using API 
Systems [35]. This is possibly attributed to high variability 
of the V3 region in 16S rRNA, which could be useful in 
differentiation of LAB isolates to species level [36].  
Studies to differentiate L. plantarum groups have been 
carried out through DNA-DNA hybridization, which 
identified three major groups of L. paraplantarum, L. 
pentosus and L. plantarum [37]. Findings from the present 
study are similar to earlier findings by Adiguzel and 
Atasever, who showed that six LAB isolates previously 
identified as Pediococcus pentosaceus using API Systems 
were L. lactic subsp. Lactis and one Weisella viridescens 
isolate was Leuconostoc mesenteroides subsp. 
mesenteroides using BOX-PCR. Another isolate identified 
as P. pentosaceus shared 22% homology with four other 
isolates, indicating that the isolate might be a different 
species [38].  
 
 








Most related organism in GenBank with 
significant alignment with the isolate 
Similarity 
(%) 
WMO08 UIGOAI05 L. brevis KY649482 L. brevis Lb13H 98 
WMO14 UIGOAI36 L. plantarum subsp. plantarum KY817120 L. plantarum subsp. plantarum AB598947 89 
YMO08 UIGOAI07 L. plantarum KY817123 L. plantarum ULAG24 91 
YMO16 UIGOAI11 L. pentosus KY655026 L. pentosus c22 91 
YMO17 UIGOAI12 L. plantarum KY655027 L. plantarum HI 91 
RSO02 UIGOAI18 L. pentosus KY817137 L. pentosus NRIC1753 96 
RSO04 UIGOAI20 L. plantarum subsp. plantarum KY817139 L. plantarum subsp. plantarum RS11 92 
RSO05 UIGOAI21 L. paraplantarum KY655340 L. paraplantarum LP191 93 
RSO07 UIGOAI22 L. pentosus KY817140 L. pentosus JCM1558T 91 
RSO10 UIGOAI23 L. pentosus KY655341 L. pentosus c22 91 
RSO17 UIGOAI24 L. brevis KY655342 L. brevis SC4 90 
RSO20 UIGOAI26 L. plantarum subsp. plantarum KY817141 L. plantarum subsp. plantarum AB831181 91 
KNZ01 UIGOAI32 L. plantarum subsp. plantarum KY655809 L. plantarum subsp. plantarum MF6 96 
KNZ08 UIGOAI33 L. plantarum KY655810 L. plantarum DS11 96 
KNZ11 UIGOAI34 L. plantarum KY817129 L. plantarum DmeICS163 79 
KNZ13 UIGOAI39 L. pentosus KY817130 L. pentosus FLO421 92 
WMO08 and WMO14, isolates from the white maize Ogi; YMO08, YMO16 and YMO17, isolates from the yellow maize Ogi; RSO02, RSO04, RSO05, 
RSO07, RSO10, RSO17 and RSO20, isolates from the red sorghum Ogi; KNZ01, KNZ08, KNZ11 and KNZ13, isolates from Kunun-zaki. Lactobacillus=L 
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3.4 Amplification and sequencing of the phy genes in 
phytate-degrading lactic acid bacteria 
Amplification of phytase genes was carried out in five of 
the 16 LAB isolates. Gel electrophoresis results of the 
amplicons of these five isolates are shown in Fig. 1.  
Three of the isolates, L. plantarum UIGOAI12 (accession 
no. KY655027), L. brevis UIGOAI24 (accession no. 
KY655342) and L. plantarum UIGOAI34 (accession no. 
KY817129) with distinct bands of 2.0 kb (48 ng) were 
successfully sequenced.  
Table 4 shows the accession numbers that were assigned 
to phy genes expressed by the isolates from this study and 
those from other organisms (Bacillus spp.) in GenBank with 
significant alignments. The L. plantarum UIGOAI12 phy 
gene (accession no. KY987113) shared 99% similarity with 
B, subtilis WYCQ02 and B. subtilis B9601-Y2 phy genes, 
while L. brevis UIGOAI24 phy gene (accession no. 
KY987114) shared 98% similarity with B. subtilis S7e and 
B. subtilis Y phy genes. The L. plantarum UIGOAI34 phy 
gene (accession no. KY987115) included 98 and 97% 
similarities with B. amyloliquefaciens SQR9-3 and B. 
subtilis (accession no. AF292103) phy genes, respectively 
(Table 4). 
Although ability of degrading phytates has been 
demonstrated in LAB species with corresponding 
improvements in nutritional properties of the fermented 
cereal products [18,39], recombinant strains have been used 
to show phytate degradation by the probiotics [19]. Earlier 
experiments to detect and express phy genes in LAB have 
been through cloning of the phytase gene from other 
microorganisms into vectors and subsequent transformation 
of the gene into LAB strains. Zuo et al. cloned and 
demonstrated expression of the phy genes from Aspergillus 
(A.) ficuum, A. fumigatus and B. subtilis in L. casei [40]. 
Similarly, Askelson et al. cloned and fully expressed phyA 
gene from B. subtilis into L. acidophilus [19]. In another 
study, Garcia-Mantrana et al. cloned and expressed 
Bifidobacterial phytases in L. casei [41]. 
In the current study, phy genes of 2.0 kb were amplified 
and sequenced in three phytate-degrading LAB isolates 
using specific primers designed for B. subtilis [23]. 
Designation was carried out because no primers were 
published for the Lactobacillus group. The phy gene of B. 
subtilis encodes a β-propeller phytase with high specificity 
for phytate, which is active in a broad range of pH values 
and temperatures [42].  
Earlier reports by Bendtsen et al. analyzed the amino acid 
sequence of B. subtilis using Signal P. They also reported 
that the presence of a Gram-positive secretion signal 
suggested that heterologous expression of the protein in 
Lactobacillus spp. could result in secretion of a protein [43].  
Later, Askelson et al. expressed phyA gene of B. subtilis 
in Lactobacillus spp. and demonstrated that the mechanism 
of probiotic functionality was due to the biocatalytic phytate 
degradation [19]. Furthermore, the 2.0-kb phy gene of the 
isolates in this study is linked to the reports of Kim et al., 
who digested the chromosomal DNA of Bacillus spp. DS11 
with five various restriction enzymes and demonstrated a 
2.2-kb HindIII fragment. This finding was similar to the 
finding from Southern hybridization, verified by assessing 





Figure 1: Agarose gel electrophoresis (1%) for phy gene PCR products 
 
Kb: kilobase representing the length of the DNA 
ng: nanogram representing the molecular mass of the DNA 
M: 1kb marker 
C: Control (Nuclease-free water) 
Lane 1: YM017-Lactobacillus Plantarum UIGOAI12 (KY655027) 
Lane 3: RSO17-L.brevis UIGOAI24 (KY655342) 
Lane 4:KNZ11-L.plantarum UIGOAI34 (KY817129) 
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Table 4. Accession numbers of the isolates that expressed phy genes with the most aligned GenBank references 
  Identity 
NCBI accession 
no. 
Organism in GenBank with significant alignments with 




L. plantarum UIGOAI12 
phy gene KY987113 
i. B. subtilis WYCQ02 phyC gene 




L. brevis UIGOAI24  
phy gene KY987114 
i. B. subtilis S7e phy gene 




L. plantarum UIGOAI34 
phy gene KY987115 
i. B. amyloliquefaciens SQR9-3 phy gene 
ii. B. subtilis (AF292103) phy gene 
98 
97 
YMO17, isolate from the yellow maize Ogi; RSO17, isolate from the red sorghum Ogi, KNZ11, isolate from Kunun-zaki. Bacillus=B, Lactobacillus= L 
 
3.5 Phylogeny of the phy genes 
The phy gene expressed by L. brevis UIGOAI24 from 
this study shared 50% homology with that of B. subtilis S7e. 
The gene cluster of these two bacteria shared 96% 
homology with the phy gene of B. subtilis Strain y. The phy 
gene expressed by L. plantarum UIGOAI12 and L. 
plantarum UIGOAI34 from this study included 49% 
homology.  
However, the gene cluster of L. plantarum UIGOAI12 
and L. plantarum UIGOAI34 shared 45% homology with 
the gene cluster of L. brevis UIGOAI24, B. subtilis Strain 
S7e and B. subtilis Strain y (Fig. 2). Less than 40% 
homology were seen between the phy genes of isolates from 
this study and phy genes of B. subtilis Strain B9601-Y2, 
phyC genes of B. subtilis Strain WYCQ02 and phy genes of 
B. amyloliquefaciens SQR9 3 retrieved from GenBank. 
However, the phy gene expressed by B. subtilis (accession 
no. AF292103) was out-grouped with less than 40% 
homology with the phy gene expressed by other 
microorganisms (Fig. 2).  
Figure 3 represents the character-based maximum 
likelihood tree, which shows relationships between the phy 
genes of isolates from this study and those of most related 
strains from GenBank. The phy gene expressed by L. 
plantarum UIGOAI12 shared 40% homology with the phy 
gene of L. plantarum UIGOAI34. The phy gene cluster of 
these isolates shared less than 40% similarity with the phy 
gene cluster of strains from GenBank, including phy genes 
of B. subtilis Strain WYCQ02, B. amyloliquefaciens Strain 
SQR9 3, B. subtilis Strain B9601-Y2 and B. subtilis 
(accession no. AF292103). The phy gene expressed by L. 
brevis UIGOAI24 from this study shared 53% homology 
with that of B. subtilis Strain S7e from GenBank. However, 
this gene cluster shared 87% homology with the phy gene of 
B. subtilis Strain y (Fig. 3).  
Phylogenetic analysis of the phy gene expressed by the 
LAB isolates from this study revealed that the phy gene 
cluster expressed by the isolates shared less than 40% 
homology in evolutionary distance and character 
respectively with the phy gene of B. subtilis reference 
strains. This reveals that phy genes of the phytate-degrading 
LAB isolates from this study do not show a significant 
homology with the relative strains from GenBank. This 
could be linked to the unique arrangements of their 
nucleotides [45], which suggests their novelty based on their 
distinctiveness [46,47]. This report was similar to a report 
by Elshahed et al., who assessed the novelty of rare clones 
seen in a 13001-clone library derived from an undisturbed 
tall grass site in central Oklahoma, USA. The researchers 
used 15% sequence divergence from the closest abundant 
relative in the identified data set as an empirical uniqueness 
cut off and identified a group that belonged to unique 
phylogenetically distinct lineage, which shared no close 
sequence similarities with further abundant members of the 
community [48]. 
 
  Figure 2. Neighbor-Joining tree showing relationships between phy genes of strains and the most related strains from GenBank 
 
 Strains from this study 
Numbers at the nodes represent the levels of bootstrap support based on 1000 re-sampled data sets (% homology). Values less than 40% are not shown. 
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3.6 Protein extraction and analysis of the phytate-
degrading lactic acid bacteria 
 
Soluble protein concentrations of the extracts from the 
three isolates are shown in Table 5. The concentrations in 
the isolates grown in MRS broth included 1.51 mg ml-1 for 
L. plantarum UIGOAI12 (accession no. KY655027), 1.70 
mg ml-1 for L. brevis UIGOAI24 (accession no. KY655342) 
and 2.01 mg ml-1 for L. pentosus UIGOAI11 (accession no. 
KY655026). When grown in phytase screening broth, 
concentrations of the proteins included 1.24 mg ml-1, 0.68 
mg ml-1 and 1.21 mg ml-1 for the three isolates, respectively 
(Table 5).  
Figure 4 shows the SDS-PAGE pattern of soluble protein 
extracts from the isolates under two growth conditions. The 
three isolates regardless of their growth conditions included 
two protein categories of 15 and 50 kDa. However, 
abundance of the proteins was different, as shown by 
distinctiveness of the bands. The SDS-PAGE of the soluble 
protein extracts from the three phytate-degrading LAB 
isolates showed their proteins with molecular weights (MW) 
of 15 and 50 kDa. The 50-kDa proteins were reported 
previously [17]. This was similar to earlier reports by 
Zamudio et al., who showed that the MW of the L. 
plantarum phytase was 52 kDa, using gel filtration on a 
Sephadex G-100 Column [49]. Furthermore, Zuo et al. 
reported the MW of an expressed phytase protein in a 
transformed L. brevis strain as 39.2 kDa [40]. This was less 
than the 54.6 kDa observed in the natural A. ficuum; from 
which, the gene was transformed into L. brevis. They 
suggested that differences in MW of the original phytase 
from A. ficuum and the expressed phytase in L. brevis were 
seen because the expressed product was not glycosylated, 
resulting in a low MW [40]. Studies have reported the MW 
of a highly glycosylated phytase from A. niger as 85 kDa. 
This was reported as 48.5 kDa without glycosylation [50]. 
Zuo et al. suggested that the glycosylation and various 
sources of phytases produced by various microorganisms 
were factors that could result in variation in MW of the 
phytase proteins [40].  
The protein band of 50 kDa was shown by the three 
selected isolates – two isolates in which the phy gene was 
amplified and the isolate in which the gene was not 
amplified. This suggests that the phy gene is present in all 
isolates used in this study. The inability of the Bacillus 
primers used to amplify the gene in the other phytate-
degrading lactic acid bacteria isolates reported in this 
present study could be attributed to the differences in the 
genomes of the two genera (e.g. Bacillus and Lactobacillus). 
Moreover, these isolates had shown phenotypic expression 
of the phytate-degrading ability on solid media, which 
signifies their ability to produce phytase. 
 
Table 5. Protein concentrations of the extracts from the bacterial isolates 
Isolate protein sample code Identity Protein concentration (mg ml-1) 
YMO17 (M) L. plantarum UIGOAI12 (KY655027) 1.51 
RSO17 (M) L. brevis UIGOAI24 (KY655342) 1.70 
YMO16 (M) L. pentosus UIGOAI11 (KY655026) 2.01 
YMO17 (P) L. plantarum UIGOAI12 (KY655027) 1.24 
RSO17 (P) L. brevis UIGOAI24 (KY655342) 0.68 
YMO16 (P) L. pentosus UIGOAI11 (KY655026) 1.21 
M, isolates cultured in MRS broth; P, isolates cultured in phytase screening broth. 
Lactobacillus=L, MRS= Mann Rogosa and Sharpe 
Figure 3. Maximum likelihood Tree showing relationships between phy genes of isolates and the most related strains 
from GenBank 
 
 Strains from this study  
The levels of bootstrap support based on 1000 re-sampled data sets (% homology) are represented by the numbers at the nodes. Values less than 
40% are hidden. 
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Figure 4. SDS-PAGE for protein extracts from the three test isolates  
kDa: Kilodalton-unit of the molecular weight of proteins  
M: Bio-Rad protein marker 
1. Lactobacillus plantarum UIGOAI12 (KY655027) grown in MRS broth 
2. Lactobacillus brevis UIGOAI24 (KY655342) grown in MRS broth 
3. Lactobacillus pentosus UIGOAI11 (KY655026) grown in MRS broth  
4. Lactobacillus plantarum UIGOAI12 (KY655027) grown in PSB 
5. Lactobacillus brevis UIGOAI24 (KY655342) grown in PSB 
6. Lactobacillus pentosus UIGOAI11 (KY655026) grown in PSB 
 
4. Conclusion 
In conclusion, the current study has demonstrated that 
ability of LAB isolates to degrade phytate is due to phy gene 
present in their chromosomal DNA. These LAB isolates can 
be used as starters in fermented products with good 
nutritional qualities or as enhancers in diets. Furthermore, 
they can be used as appropriate substitutes to current 
commercial phytases.  
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  چکیده 
ود. ژن شای و سالمتی را موجب میای در غالت است که مشکالت تغذیهفیتات یک عامل ضد تغذیه سابقه و هدف:
سید شناسایی شدهای باکتریایی، به جز باکتریمسئول تجزیه فیتات در بسیاری از گونه ه است. هدف های الکتیک ا
 باشد.می Kunun-zakiو  Ogi از های الکتیک اسید جدا شدهدر باکتری phyمطالعه حاضر جداسازی و شناسایی ژن 
 1نموداسییار ر   ازنظر تولید فیتاز بر zaki-Kununو  Ogiهای اسییید الکتیک جدا شییده از باکتریمواد و روش ها: 
  SrRNA16ژن 2یابیجدا شیییده با تدرت تجزیه فیتات با توالی های اسیییید الکتیک)فنوتیپ( غربال شیییدند. باکتری
شدند. تقویت ژن فیتاز  سایی  شد. عالوه بر این، آزمون (phy)شنا ستفاده از واکنش زنجیر پلیمراز انجام  های تبار با ا
شد. پروتئین 3ژنی  سولفات انجام  سیل  سدیم دو د سط ژل الکتروفورز  ستخراج و تو سه باکتری انتخابی ا های محلول 
 پلی آکریالمید آگاروز بررسی شدند.
رویس، الکتوباسیییلور ب باکتری اسییید الکتیک جداسییازی شییده به عنوان 16در مجموع،  گیری:ها و نتیجهیافته
سیلور پالنتاروم، زیرگونه  سور الکتوبا سیلور پنتو سیلور پالنتاروم، الکتوبا سیلو والکتوبا  ر پاراپالنتارومالکتوبا
شدند. ژن  سایی  شابه توالی بین ژنتقویت و توالی kb 0/2با افزایش اندازه  phyشنا شد. ت های باکتری phyهای یابی 
سیلور در بانک ژن % سید الکتیک و با سبت تبار ژنی کمتر از %  97-99ا  SDS-PAGEالیز الکتروفورز بود. آن 40و ن
داد که وجود ژن  کیلو دالتون را نشان داد. این مطالعه نشان 50در سه باکتری جدا شده حاوی فیتاز با وزن مولکولی 
phy عنوان آغازگر برای  ها بههای الکتیک اسییید موجود در غذاهای تخمیری، امکان اسییتفاده از این فرآوردهباکتری
 سازد.ای بهبودیافته را میسر میا کیفیت تغذیهتولید غذاهای تخمیری ب
 .نویسندگان تایید می نمایند که تضاد منافعی ندارند تعارض منافع:
 واژگان کلیدی
 غالت ▪
 مواد غذایی تخمیری ▪
 phy ژن ▪
 نسبت تبار ژنی ▪
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1 Phenotypically-مجموعۀ ویژگیهای ساختاری و عملکردی تابلتشخیص در موجود زنده  
 
2 Sequencing -تعیین ردیف نوکلئوتیدها  
3 Phylogenetic analyses 
